Introduction. We identified patients with previa and suspected accreta who are at lowest risk of unscheduled delivery or major morbidity with planned delivery beyond 34 weeks' gestation. Material and methods. This was a retrospective cohort study of patients who had reached 34.0 weeks' gestational age with a suspected previa-accreta. We evaluated rates of unscheduled and emergent delivery based on known risk factors for premature birth. In a second analysis, we stratified patients based on level of preoperative morbidity concern and evaluated rates of major transfusion and Intensive Care Unit admission by delivery week (34 weeks, 35 weeks or 36 weeks and beyond). Results. Of 84 available patients, we classified 31 patients as low risk for unscheduled delivery and 52 as high risk. The low risk group was scheduled later (36.6 vs. 36.0 weeks; p < 0.01), but demonstrated lower rates of unscheduled delivery prior to 36 weeks (3% vs. 19%, p = 0.05). Of the patients with no prior cesarean section, only one (7%) experienced massive blood loss even though 36% had unscheduled deliveries. We observed no significant increase in major transfusion or massive blood loss with advancing gestational age, likely due to selection of the most concerning patients for early, scheduled delivery. Conclusion. Patients with suspected previa-accreta and no risk factors for preterm birth are at low risk for an unscheduled delivery prior to 36 weeks. Those with no concern for percreta or increta or no prior cesarean section may also be candidates for later delivery.
Introduction
Placenta accreta, a placental implantation abnormality frequently accompanied by placenta previa, occurs in approximately one in 500 pregnancies (1) (2) (3) . These patients incur a high risk of morbidity, including massive blood loss during delivery, hysterectomy, and Intensive Care Unit (ICU) admission (4) (5) (6) (7) (8) (9) . Recent reviews have suggested an increasing prevalence of placenta previa-accreta and a growing demand for data to guide the timing of delivery for previa-accreta patients (10, 11) .
Currently, the American Congress of Obstetricians and Gynecologists (ACOG) recommends a 34-week scheduled cesarean delivery based on a decision analysis performed in 2010 (3, 4, 12) . ACOG acknowledges that delivery timing for accreta patients needs to be individualized, though they give no specific guidelines. Similarly, the The Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD) suggests delivery at 34 0/7 weeks to 35 6/7 weeks based on recommendations from one review showing emergent delivery rates for previaaccreta reaching close to 50% (13, 14) . Alternatively, the Royal College of Obstetricians and Gynaecologists (RCOG) does not recommend delivery for asymptomatic women before 36-37 weeks' gestation (15) . No consensus between organizations exists.
Arguments for an early delivery include avoiding unnecessary maternal morbidity, such as emergency hemorrhage, and having ample time to assemble a multidisciplinary team (4, 16 ). Robinson's 2010 recommendation was based on the premise that unscheduled and emergent deliveries for these patients will increase morbidity. Others may plan earlier deliveries under the assumption that placental invasion or the degree of vascularity may worsen with increasing gestation. However, recent studies have questioned the assumption that more blood loss occurs with delayed delivery (17) , and others have emphasized adverse outcomes in infants of women with placental implantation abnormalities delivered prematurely, including neonatal ICU admission and premature lung development (8) .
The objective of the current study was to provide guidance for individualized patient care. Our first question was whether known risk factors for preterm birth can predict an unscheduled or emergent delivery, allowing later scheduling for those at lowest risk. Secondly, we compared maternal outcomes based on delivery at increasing gestational ages, separately evaluating patients at highest and lowest anticipated hemorrhage risk. We hypothesized that unscheduled delivery, surgical complexity, and hemorrhage due to placental invasion and hypervascularity drive delivery morbidity. Therefore, patients at low risk for these outcomes may have more conservatively timed deliveries, whereas those at higher risk may benefit from an earlier planned delivery.
Material and methods
This retrospective cohort study was approved by the Institutional Review Boards at Partners Healthcare and Harvard Medical School (IRB 2014P001275, approved 25 June 14). We collected all deliveries occurring at Brigham and Women's Hospital in Boston, MA, between January 1997 and December 2014, including patients with radiographic evidence of placenta previa and suspicion for accreta delivered at or beyond 34 weeks' gestation. Brigham and Women's Hospital is a tertiary, academic medical center with 24-h access to specialists. The hospital has no formal delivery planning policy for patients with previa or accreta, and delivery timing was left to the discretion of individual providers.
Patient data were collected from electronic and paper charts. Two authors (N.P. and D.C.) reviewed ultrasound and MRI reports for all patients. Placenta previa at delivery was defined as the placental edge coming within 2 cm of the cervical os. Suspected accreta, increta or percreta was made by radiographic diagnosis if on ultrasound or MRI the radiologist reported suspicion for accreta due to vascular lakes, myometrial thinning, loss of sonolucent zone, bulging mass or hypervascularity. For the last criterion, notation was made as to whether it was present at or after 28 weeks' gestation. Patients with radiologic report of suspected accreta without more detail on specific findings were also included. However, if the radiologist read the findings as "cannot rule out" accreta, with no greater diagnostic certainty, the patient was excluded.
To analyze morbidity based on scheduled delivery timing, eligible patients were divided into three categories: those with deliveries planned at 34 weeks (34 0/7 -34 6/7 weeks' gestation), 35 weeks (35 0/7 -35 6/7 weeks) or 36 + weeks (36 0/7 weeks and after). Providers determined gestational dating based on last menstrual period, or via earliest ultrasound if the last menstrual period was unknown, unreliable, or a discrepancy existed between last menstrual period and ultrasound dating.
We collected detailed demographic and medical data for each subject, including specific medical comorbidities (chronic hypertension, diabetes, cardiac or hematologic disease, or anticoagulation). To evaluate the impact of later delivery timing on the ability to assemble a multidisciplinary team, we evaluated differences in surgical preparation and intervention during surgery.
Primary outcome measures included rates of emergent or unscheduled delivery and immediate maternal morbidity. A delivery was considered emergent if it was performed for maternal or fetal instability and occurred within one hour of the decision to deliver. A delivery was considered unscheduled if performed ahead of the scheduled delivery date due to a change in clinical status, and occurred within 24 h. Major blood loss was defined as greater than 4 units of packed red blood cells transfused, and massive hemorrhage as greater than or equal to 5 liters estimated blood loss or 10 or more units red blood cell transfusion (18) .
To group patients based on the potential for morbidity, we first stratified patients based on risk factors for unscheduled delivery prior to 36 weeks. Stratification criteria included bleeding or preterm labor prior to 34 weeks, premature membrane rupture (PPROM), or a known risk factor for preterm delivery (prior spontaneous preterm birth, any cervical length measurement <2.5 cm, or multiple gestations). Patients with any of these risk factors were labeled high risk (HR), and all others called low risk (LR). In a separate analysis, we stratified subjects based on level of concern for morbid accreta. Any patient with no prior cesarean section was considered to be at lowest morbidity risk (LMR), whereas those with radiographic signs of increta, percreta or hypervascularity in the third trimester were considered to be at highest morbidity risk (HMR). All others (radiographic signs of accreta, no third trimester hypervascularity, and at least one prior cesarean section) were considered to be at mid-level risk (MMR). The association between gestational age (GA) at delivery and maternal morbidity was assessed separately for each risk group.
Statistical analyses were conducted using Statistical Analysis Software version 9.4 (SAS Institute, Cary, NC, USA). Categorical variables were compared with Fisher Exact or Chi-square tests, where appropriate, and continuous variables were analyzed with Kruskal-Wallis tests. All results were considered significant at p < 0.05 with two-tailed analyses.
Results
Women with antenatal radiographic evidence of placenta previa and suspected accreta (n = 124) were identified between January 1997 and December 2014, of whom 96 (77%) reached 34 0/7 weeks GA. Twelve of these remaining women were excluded due to uncertain radiologic evidence of placenta accreta (reported as "cannot rule out" accreta), leaving 84 subjects for the analysis.
Of our 84 patients, the majority (69%) were scheduled at 36 + weeks, with only 11 (13%) scheduled at 34 weeks, and 15 (18%) at 35 weeks. Characteristics and outcomes of groups based on GA at delivery are shown in Table 1 . Baseline maternal characteristics, including age, BMI, race, and medical history, did not differ by delivery week. The 34 weeks' group showed higher rates of gestational hypertension than the 35 weeks and later groups (19% vs. 6% and 2%, respectively, p = 0.03). This group also exhibited more risk factors for unscheduled delivery, including antepartum bleeding before the 34 th week of gestation (94% vs. 65% and 41%, p < 0.01), prior preterm birth (27% vs. 0 vs. 12%, p = 0.07), and multiple gestations (19% of those delivered at 34 weeks, with none delivered later, p < 0.01). Delivery setup did not differ significantly by week of delivery.
Our first analysis focused on risk factors for unscheduled delivery, which were identified in 52 subjects (62%). One patient had incomplete antenatal records prohibiting accurate categorization, and was excluded from this analysis. Characteristics for our risk-stratified groups are shown in Table 2 . Of note, 90% of the patients in the HR group experienced antepartum bleeding prior to 34 weeks' gestation, with 62% in the third trimester. Deliveries were scheduled significantly later for the LR group (median 36.6 vs. 36.0 weeks, p < 0.01), while the HR patients had a higher rate of antepartum steroid administration, but no difference in the rate of gestational hypertension or preeclampsia.
The delivery outcomes for the LR vs. HR groups are shown in Table 3 . The median GA at delivery was onehalf week later for the LR patients (36.4 vs. 35.9 weeks, p < 0.01). The LR group was less likely to undergo an unscheduled delivery prior to 36 weeks (3 vs. 19%, p = 0.05), with only one patient in the LR group experiencing a non-emergent, unscheduled delivery at 35 weeks. Both emergent deliveries occurred in the HR group, and occurred in patients scheduled at 36 + weeks. Rates of major transfusion, massive blood loss, and ICU admission were highly similar between the two risk groups. The prenatal diagnosis of accreta was confirmed pathologically in 59% of LR patients vs. 77% of HR patients (non-significant, NS). Five patients in the LR group experienced massive blood loss, four of whom had a confirmed pathologic percreta. The fifth had an accreta identified at the site of prior uterine rupture, and underwent an anticipated difficult delivery.
For our second analysis, we evaluated the maternal morbidity according to delivery week, with patients stratified by antepartum level of concern for a morbid accreta (Table 4) . Upon reviewing our data, we found that no patient was scheduled for a 34-week delivery prior to 2005, and descriptions of hypervascularity in the lower uterus were not used until 2004. Therefore, we restricted this second analysis to 2005 and later (n = 63). The highrisk group (HMR, n = 19, Table 4c ) was scheduled for delivery at a median of 35.7 weeks GA, and those in the low risk (LMR, n = 14, Table 4a ) and medium risk (MMR, n = 30, Table 4b ) groups were scheduled at median of 36.0 and 36.3 weeks, respectively (p = 0.08).
We observed no trend towards increased morbidity with advancing gestational age, regardless of morbidity risk category. In contrast, we observed a trend towards more ICU admissions with earlier deliveries in the MMR group, with a 5% rate at 36 + weeks vs. 40% and 33% at 34 and 35 weeks, respectively (p = 0.05). Both the LMR and HMR groups showed lower rates of hysterectomy at 36 + weeks than at earlier gestational ages, which was significant for the HMR group (p = 0.04).
Both the LMR and MMR groups demonstrated significantly more unscheduled deliveries at the earlier GA categories (p = 0.03 in both groups). The overall rate of either ICU admission or massive blood loss was 18% for those undergoing a scheduled delivery and 14% for those with an unscheduled cesarean, a non-significant difference (p = 1.0). Notably, the LMR group experienced no ICU admissions and only one massive blood loss (7%) in a patient with a hypervascular lower uterus, though five of 14 (36%) had an unscheduled delivery. Alternatively, only one patient in the HMR group (5%) had a delivery that was unscheduled, whereas four (21%) experienced one of these major morbidities.
Discussion
The ACOG and NICHD recommendations for previaaccreta delivery at 34 or 35 weeks' gestation arose from the assumption that maternal morbidity, including but not limited to massive hemorrhage and ICU admission, increases with GA (4, 7, 19) . Here we describe a cohort of patients with previa and suspected accreta in which more than half were delivered at 36 weeks or later. Our relatively low rates of massive hemorrhage and ICU admission likely reflect patient selection for early vs. later delivery, supporting the ACOG suggestion that delivery timing should be individualized.
In our primary analysis, using a priori criteria, we successfully stratified patients according to their risk for unscheduled delivery. Almost all of our low-risk patients, with no risk factors for preterm delivery, were scheduled at 36 weeks or later. None of these patients underwent an emergency delivery, and only one had an unscheduled delivery prior to 36 weeks. We separately stratified patients based on antepartum concern for a morbid delivery, finding that those with no prior cesarean section, particularly in the absence of sonographic hypervascularity, had very good outcomes. These patients, and those with lower antepartum diagnostic certainty, may also be appropriate for later delivery timing. We failed to observe increased morbidity with advancing GA at delivery, which may, in part, be due to patient selection factors. In our secondary analysis, we attempted to define these factors retrospectively using cesarean section history and notations of deep invasion or hypervascularity on radiology reports. Given that we observed trends towards more ICU admissions and more hysterectomies with earlier deliveries, we feel that providers managed patients using risk assessments not captured by our definitions. Although unscheduled deliveries were more common at 34 or 35 weeks in our lower-risk groups, this did not account for higher morbidity, as we observed no relation between unscheduled delivery status and major morbidity. However, the finding of only one unscheduled delivery in our highest morbidity patients suggests that unscheduled delivery risk factors were most often applied to this group. We might have observed a different pattern of morbidity, had all of these patients been scheduled later.
Our study has the strength of evaluating patients who were largely scheduled, regardless of risk categorization, at 36 weeks or later. This allowed us to observe expectant management outcomes in the 34th and 35th weeks of gestation. We also benefited from including a realistic cohort of patients with suspected previa-accreta in our recommendations regarding delivery timing. Other studies of accreta morbidity have excluded false positives based on radiology and included only women with pathologically confirmed accreta, but it is not possible to have that confirmation during delivery planning (18, 20) . Given that the positive predictive value for radiographically suspected accreta is only about 80%, excess prematurity based on a false-positive diagnosis needs to be considered a risk of early delivery timing (21, 22) . The denominator includes only subjects for whom the uterus and/or placenta was sent for pathologic analysis. This includes any level of placental attachment or invasion.
Our study was limited by the low incidence of previaaccreta, restricting the power of our sub-analyses. The cohort was collected retrospectively, spanning an 18-year period, with variable providers and practice patterns, and therefore the motivations for delivery planning could not always be inferred. Details of radiographic findings were not reported systematically, and original images were not always available for review. Therefore, we could not always formalize the strength of the radiologic descriptions in hindsight, and were required to limit the use of this data to the later years of the study, when more detailed descriptions were used. Larger studies of delivery timing for previa-accreta are lacking in the literature, and thus a prospective, multicenter study with a uniform protocol is needed (23) . Further research also should elucidate additional predictors of maternal morbidity, including specific antenatal findings and surgical technique, which may be useful for delivery planning.
Our results emphasize the importance of individualized patient care in the context of suspected accreta. Published recommendations for delivery timing give uniform guidance for all previa-accreta patients, with no mention of antepartum course, suspected degree of placental invasion, or patient history. Though ACOG acknowledges individualized patient planning, no specific clinical guidelines for individualization are suggested (3) . With this study, we have defined characteristics for a low-risk group of patients who demonstrate little major morbidity despite having their deliveries scheduled at 36 weeks and later.
Our results should be interpreted in the context of the delivering institution, and its ability to minimize morbidity with previa-accreta surgery. Robinson and Grobman's 2010 decision analysis, from which ACOG recommendations are drawn, assumed high rates of maternal morbidity as GA progresses, including a 36% rate of ICU admission, 11% rate of emergent delivery for hemorrhage, and 0.6% incidence of perinatal mortality (4) . Actual rates of morbidity likely depend on both patient and institutional factors, which should be taken into account. Within our cohort, the rates of these morbidities were 8, 2, and 0%, respectively. Interestingly, the 2010 decision analysis showed that when a low rate of emergency hemorrhage was assumed (2-8%), the preferred timing strategy would be a 37-week delivery (4). Other tertiary centers have shown similarly low rates of morbidity with scheduled and unscheduled accreta deliveries, likely reflecting the ability of an individual institution to assemble a surgical team on short notice (17, 19) . We acknowledge that the low morbidity rates in these retrospective studies likely reflect patient selection, and we offer initial guidance for triaging suspected accreta patients at a tertiary medical center. We conclude that individual risk stratification, in the context of institutional capabilities, is an essential component of accreta delivery planning. In a hospital equipped for accreta care, selected, stable previa-accreta patients can be considered for delivery at gestational ages beyond 34 and 35 weeks without increased maternal morbidity. It is important to consider the false-positive preoperative accreta diagnoses, which were highest both for women with no prior history of cesarean section and for those with no risk factors for preterm delivery. Delaying delivery for these groups, as well as those with lower diagnostic certainty, will help to reduce unnecessary neonatal risks of prematurity. Later timing for those with a prior cesarean history and concern for accreta should be managed by clinicians experienced in radiograph interpretation, preoperative planning, and surgical management. Those with suspected percreta or a hypervascular lower uterus may be the most appropriate for early delivery planning, particularly with a bleeding history or risk factors for spontaneous preterm birth.
Ideally, we would deliver patients at the GA at which the lowest morbidity for the mother coincides with lowest morbidity for the infant. As the second leading cause of iatrogenic prematurity, efforts should be made to restrict the earliest planned previa-accreta deliveries to situations with demonstrated benefit (8) . While awaiting more research, individualized care that considers diagnostic certainty, maternal risk for complicated surgery and unscheduled delivery, and patient access to an experienced tertiary care center may be the first step towards reducing unnecessary, accreta-related prematurity.
